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19. ABSTRACT

In testing the ability of the model to detect muscarinic receptors of specific subtypes,
we have studied the kinetics of displacing the ligand [-hyoscyamine. So far we have per-
formed experiments on the interaction of the unspecific ligand scopolamine with this
binding. The displacement of I-hyoscyamine is time-dependent and proceeds until about
half the I-hyoscyamine pool has been displaced,

I-Hyoscyamine treatment results in an increase in the synthesis rate of acetylcholine
(ACh). This is probably an unfavourable feature of a protecting agent. Diazepam, on
the other hand, lowers the turnover rate of ACh. The combination of diazepam and
I-hyoscyamine decreases the turnover of ACh to the same extent as diazepam alone does.
When I-hyoscyamine and diazepam are combined with HI-6, the dominant result is an
increase of choline levels, with a slight decrease of ACh turnover.

The duration of the effect of diazepam has been followed for 4 h. After 20, 30 and 45
min, levels of acetylcholine are significantly increased, while they are returning to
normal after 4 h. The fractional rate constant seems to be somewhat lowered at 4 h. The
data indicate a duration of effect on acetylcholine dynamics of at least 4 h.
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SUMMARY

Curing the past year we have studied 1} I-hyoscyamine binding in an old
and a new stock of mice; 2) conditions for displacement of [-hyoscyamine
in vivo by scopolamine and size of the muscarinic receptor pool after
chronic treatment with scopolamine; 3) effect of the antidotes l-hyoscy-
amine, diazepam and HI-6 on acetylcholine turnover separately and in
combination; and 4) duration of the effect of diazepam on acetylcholine

turnover.

1) In 1988 the stock of mice used in our studies contracted mouse hepa-
titis and our models had to be re-established in a new stock of animals.
I-Hyoscyamine binding in vivo in mouse brain had been shown to be
decreased by about 40% with diazepam. We were unable to repeat these
results in the new stock of mice. In a preliminary study and in order to
establish new experimental conditions for this model, we repeated the
experiments in "old" (now healthy) and "new" stocks of mice under the
same experimental conditions. The decrease in "old" healthy stock was

now 25% (significant) and in "new" stock 12% only (not significant).

2) Studies of l-hyoscyamine binding as a model for assessment of re-
ceptor subpopulations (M], \\2, etc.) and receptor pool size after
chronic treatments with agonists and antagonrists are in progress. The
feasability of the model for the study of subpopulations was assessed by
testing the ability of the known in vitro antagonist scopolamine to dis-
place I|-hyoscyamine. Doses of scopolamine (4-50 mg/kg) administered
before |-hyoscyamine (2 mg/kg, i.v.) displace this ligand by about 350%.
When |-hyoscyamine is given before scopolamine, 1 h is needed to dis-

place I-hyoscyamine to the same extent.

In the experiment to measure receptor pool size, scopolamine (25 mg/kg,
i.v.) was injected into mice for 12 days. After an additional 2 days,
I-hyoscyamine (2 mg/kg, i.v.) was injectea and then measured in brain
after 2 hours. Compared to controls no difference in receptor pool size

could be detected. The fact that no increased concentraticn was




cbserved may have been due to residual sccpolamine still occupying
receptors after 2 days. This will be evaluated by simultaneous measure-

ment of the scopolamine concentration.

3} I-Hyoscyamine decreases acetylcholine, increases choline and increases
the rate of synthesis of acetylicholine. Diazepam increases choline and
decreases acetylcholine turnover, HI-6 increases choline. The combination
of the three agents increases choline and marginally decreases the turn-
over of acetyicholine. These experiments were conducted to provide
background data for the experiments in which the protecting effect of
these three antidotes against soman paisoning and their effect on acetyl-

choline dynamics will be studied.

4) The effect of diazepam (2 mg/kg, i.v.) on levels of acetylcholine and
choline lasts for about 1 h, The effect on acetylcholine turnover lasts
for about 4 h.




FOREWGRD

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals"
prepared by the Committee on Care and Use of Laboratory Animals of the
Institute of Laboratory Animal Resources, National Research Council
(DHEW Publication No. (NIH) 86-23, Revised 1985j.

Citations oi commercial organizations and trade names in this report do
not cunstitute an official Department of the Army endorsement or approv-

al of the products or services of these organizations.
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INTRODUCTION

In accurdance with our plans in connection with the grant we are eluci-
dating the mechanism of the protecting effect of a combination of atro-
pine, diazepam and an oxime against organophosphorus poisoning, For
this purpose, we use different in v_iv_q models in mice. Since intoxication
by organophosphorus cholinesterase inhibitors is mediated by effects on
the cholinergic nervous system, we study the effects of the protecting
agents on this system, For the study of the biochemical processes, we
use turnover of acetylcholine in mouse brain. We also study binding of
the receptor ligand I-hyoscyamine to muscarinic receptors in brain in-
volved in the dynamics of acetylcholine. These biochemical processes are
then correlated with the signs of intoxication observed in the animals

after the treatments.
Our research within the framework of this grant has so far described:

- development of a method to study binding in vivo to muscarinic
receptors by measuring l-hyoscyamine in brains of mice

- study of the protecting effect of diazepam on the intoxication syndrume
induced in mice by cholineryically active substances

- correlation of the protecting effect of diazepam in vivo with its effect
on acctylcholine dynamics. This was studied by following choline and
acetylchoiine levels and acetylchoiine turnover in the mouse brain
using a GC-MS method developed in our laboratory

- correlation of the protective effect of diazepam with its effect on
I-hyoscyamine binding in vivo after cholinergic stimulation

- development of a method to measure diazepam in brain and blood

- study of the impact of the formulation vehicle on the distribution of
diazepam to mouse brain after intravenous injection of diazepam in

different formuiations

During the last year, our work has mainly concenirated oun studies on 1)

the effect of diazepam on [-hyoscyamine binding in "old”" stock of sick




and "new" stock of healthy mice (These experiments have been made to
determine suitable experimental conditions for the new stock.); 2) the
usability of I-hyoscyamine binding for the study of specific receptor
distribution in brain (rmuscarine M], MZ' M3, etc.) (For this purpose,
the ability of a second ligand to displace already-bound i-hyoscyamine
after injection of scopolamine has been studied.):; 3} the effect of
different combinations of antagonists ~ i.e., diazepam, I-hyoscyamine and
HI-6 - on acetylcholine turnover (These experiments represent part of
the study on the protective effect of the combination of all three anti-
dotes, which will be studied after cholinesterase inhibition.); and 4) the

duration of the effect of diazepam on acetyicholine turnover.
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MATERIALS AND METHQODS

Animals

Male NMRI mice weighing 20-25 g were used.
Chemicals

Deuterium-labelied ACh and choline (Ch) were synthesized according to
Karlén et al. (1). Diazepam was in the form of DiazemulsR (KabiVitrum
AB, Sweden)., The reagents used jor the analysis of ACh and Ch were
prepared as described by Karlén et al. (1). I-Hyoscyamine was obtained
from Sigma Chemical Company, USA. The synthesis of deuterium-labelled
atropine is described in Palmér et _a_l (2). Scopolamine was obtained from
Aldrich  Chemie, West-Germany. HI-6 ([[{(4-amino-carbony!)pyridino;-
methoxy Jmethy!]-2-1 (hydroxyimino)methyl j-pyridinium dichloride) was a
gift from Astra Meditec, Sweden. All other chemicais were of analytical

grade.

Drugs and their administration

Diazepam (as DiazemulsR) was given in doses of 1 mg/kg, i.v. l-Hyoscy-
amine (base) was given i,v. in doses of 2 mgy/kg. HI-6 (as di-Ci mono-
hydrate} was administered i.v. in doses of 25 mg/kg i.v. Scopolamine
(base) was injected in doses of 4 or 50 mg/kg i.v. or 25 mg/kg i.p  The
drugs, except diazepam, were dissolved in saline and given in a volume

of 5 mi/kg.

Analysis of ACh and Ch in mouse brain

ACh and Ch were analyzed using gas chrumatography-mass spectrometry
(GC-MS) and deuterated internal standards, accuraing to Karién et al,
(1). The mice were Kkilled by focused microwave irradiation on the head
with 2.5 kW for 0.68 sec (Metabostate, Gerling-soore, Palo Afto, CAl in

order to inactivate enzymes rapidly and to prevent postmortem changes




_]0_

m: ACh anda Ch. The brain was homogenized in 4 ml 0.4 M HCIOH.
L‘ngACh (N-(Z—acetoxyethyl)—N,N,N-tri[zH jmethylammonium  iodide)
and [ZHQJCh (N=-(2-hydroxyethyl)-N, N, N-tril HB]methylamrnonium jocide)
were added as internal standards. The homogenates were centrituged for
2 min at 100,000 x g. ACh and Ch, together with their deuterated
moietics, were extracted into methylene chloride as ion pairs with dipi-
crylamine (2,4,6,2', 4", 6'-hexanitrodiphenylamine) (DPA), and were then
demethylated with sodium benzenethiolate to form the corresponding
tertiary amines, which were analyzed by GC-MS using a 25-m HP-5

capillary column.

Turnover of ACh in mouse brain

} in brain was studied by following the in-

ACh 1

corporation  uf L‘ii6JCi1 (N-(2-hydroxyethy!}N, N, N-tri(

The ACh turnover (TR

> bl
H]‘szmethyi‘
smmonium  iodide) into ACh after an  i.v. injection of ;"H61Ch

.‘

{10 uwmolikg), in a volume of 5 ml/ky administered during 1 sec. The
warnover rate of ACh was calculcted from the specific activities of
Q‘HSJACh {N—\'z—dcewxyethy\)—N,N,N—trn1} 1 Ho jnethiylammonium iodide)
e .2 s N 200 e

é H. S, 20 < 50 scc ¢ | n
\SACh) and | HbJCh ( Lh) 0 and 50 scc after the | hGJL,h injection,
according to Zitversmit (3), as described by Karlén et al. (41 and

Nordgren et al. (5).

Analysis of I-hyoscyamine

The mice wcre killed by focused inicrowave irradiation, as described
above. The brain tissue was homogenized in 2 mi 0.4 M HCIOq containing
12, ]

3

for 20 min at 100,000 x g. The concentration of I-hyoscyamine was

atropine as internal standard. The homogenates were centrifuced

determined according to Palmér et al. (6), with the following modifi-
cations: to the supernatant 0.25 ml 5 M NaOH and 6 mi dicthyl ether
were added. After agitation and centrifugation, the ether layer was
evaporated to dryness. Thirty microliters of N,O-bistrimethylsilyl aceta-

mide (B5A) resgent was aauded to the residue, and after reaction for




30 min ot 66°C, the excess of reagent was evaporated. The residue was
dissolved in 25 4l methylene chloride and analyzed by GC-MS. The gas-

chromatographic column used was a 12-m SE-52 fused silica capillary

0
column, Coluimn temperature was 210 °C,




RESULTS AND DISCUSSICON

I~Hyoscyamine binding

As previously reported, our suppliers of experimental animals had to
change the animal stock due to a hepatitis infection. This upset the
parameters of our study models. We have also reported certain problems
1 adjusting the experimental conditions in the receptor binding studies
with I-hyoscyamine. We have now been able to compare the two stocks uf

mice in this respect.

Mice were pretreated for 2 min with 1 mg/kg of diazepam given as Diaze-
mulsR. I-Hyoscyamine, 2 my/kg i.v., was then given and the mice were
killed 2 h later by microwave irradiation. Results are compifed in Figure
1 and comprise the effect of diazepam on I-hyoscyamine binding in the
new stock of mice, the old stock of healthy mice generated at the same
time (a limited number of healthy progeny of the survivers were avail-
able), and data generated in 1986 in the old stock of sick mice. Com-
parisons have been made with animals treated with saline in all threc
sets of animals. Results now generated in the old healthy stock (Fig. 1;
columns 1 and 2) are very similar to those generated in the same stock
in 1986 {columns 5 and 6). Thus, o decrease of |-hyoscyamine binding
after diazepam is clearly demonstrated. When the experiment is performed
on the new stock of mice, a4 marginal, non-significant, decrease is
observed. Therefore, and in order to find optimal parameters, the model

will need further development in the new stock of mice.

In order to test the ability of the model to detect muscarinic receptors of
specific subtypes, we performed experiments on  the interaction of
scopolamine with l-hyoscyamine binding. Thus, after cstablishing stabie
I~hyoscyamine binding in brain 12 _VM (2 mg/ky, i.v.; Z hY, it should
be possible to displace this binding with different subreceptor specific
ligands for mapping of regions in brain rich in such subtypes (7). In

our first experiments, we have used the unspecific ligand scopolamine
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for such studies in order to test the feasibility of the experimental
design. When scopolamine, 4 mg/kg i.v., was given 1 min before or 1
min after I-hyoscyamine and its concentration was analyzed 2 i later,
about 30 ng/g were found (compared to about 60 ng/g in controis). If,
instead, scopolamine was given 1 h 50 min after I-hyoscyamine, no
displacement was obtained. The same held true if the scopolamine dose
was increased to 50 mg/kg. Therefore, the design of the experiment was
changed and displacing doses (50 mg/kg i.v.) of scopolamine were given
1 h 50 min, 1 h 30 min and 1 h after I-hyoscyamine. The results of
these experiments are depicted in Figure 2, [t can be seen that the
displacement is time-dependent and proceeds to about 30 ng/g when
treatment is allowed to last for 1 h (column 4). This is probably the
highest amount possible to displace since pretreatment with scopolamine
gave the same level. This type of experiment will be carried out using

receptor specific ligands.

These experiments confirm the concept that I-hyoscyamine binding in
vivo represents specific binding to muscarinic receptors possible to
displace with other antimuscarinic receptor ligands. The experiments
were performed to enable study of, e.g., the sizc of this receptor pool
and its dependence on chronic stimulation or blockade. In order to study
the latter phenomenon, mice were treated with daily i.p. doses (25
mg/kg) of scopolamine for 12 days. They werc then left untreated for 2
days, whereafter they were injected with I-hyoscyamine i.v. {2 mg/kg},
sacrificed 2 h later and analyzed for brain |-hyoscyamine, Concentrations
in six animals (62, 51, 51, 56, 59, and 53 ng/g:; mean 55 ng/g) were
marginally reduced compared to concentrations in two control animals
(58, 60 ng/g). The control values are consistent with those previously
reported. The experimental design was very similar to one published, in
which animals (rat) treated chronically in vivo with scopolamine were
analyzed for specific binding in vitro (8). The lack of demonstrabie
increase in receptor pool size in our experiments may depend on residual

bound scopolamine masking the increase of the pool size. To investigate
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this possibility, scopolamine concentrations in brain will be measurad

under the same conditions.

Antidotes and acetylcholine turnover

In accordance with our plans, we have studied the effect of combinations
of antidotes on central cholinergic mechanisms in mice. \We have studied
I-hyoscyamine, diazepam and HI-6 separately and in different combina-
tions, Data on acetylcholine turnover atter administration of saline,
diazepam (1 mg/kg, i.v.), l-hyoscyamine (2 mg/kg, i.v.), or HI-6 (25
mg/kg, i.v.) are collected in Table 1.

As previously shown by us and others, l|-hyoscyamine decreases the
endogenous level of ACh; presumably ACh output is increased (9,10},
However, when diazepam is added to the injection solution, the endo-
genous ACh levels are normalized. Diazepam separately does not affect,
or very slightly affects (increase), the ACh level. The endogenous
choline (Ch) levels are increased after administration of diazepam, |-

hyoscyamine, and a combination of the two.

The concentration of LZHGJ—ACh is markedly decreased in animals admini-

stered diazepam and diazepam in combination with |-hyoscyamine, while

I-hyoscyamine alone does not seem to have any effect. The specific
. 2

activity of [ HG]-ACh (SACh)

treated with diazepam and those treated with the combination diazepam/I-

is decreased to the same extent in animals

hyoscyamine, while an increase is seen in animals administered l-hyoscy-

amine alone.

The increased Ka value seen in animals pretreated with I|-hyoscyamine
indicates an increased synthesis rate of ACh, which is consistent with
earlier findings in our laboratory and with literature data. !f the in-
creased release of ACh is a sustained effect, the synthesis rate has to
be increased in order to balance the increased refease and maintain the

i<

new steady state. The net TRACh s, however, kept constant since after




I-hyoscyamine a smaller amount of ACh has to be renewed. Diazepani
lowers the turnover rate of ACh, as we have shown previously (115,
Interestingly, the combination of diazepam and I-hyoscyamine decreascs
TRACh to the same extent as diszepam alone does, which is in great
contrast to the effect of I-hyoscyamine alone. Thus, the effects of
diazepam dominate in this combination of doses. The ‘ncreased turnover
of ACh after atropine is probably an unfavourabte feature of a pro-
tecting agent. These results may therefore, at least partly explain the
advantage of combining atropine with diazepam in cases of nerve gas

poisoning.

Hl-6 alone induces a marginally increasing effect on the acetylcholine
level, a statisticaily significant increasing effect on choline levels and a

slight increasing effect on acetylcholine turnover.

When the three treatments are combined in the same injection, the domi-~
nant result is an increase of choline levels, with a slight decrease of the
acetylcholine turniover. In this last combination, the differing effects of
cdiazepam and I-hyoscyamine on acetylcholine level seem to be balanced.
The choline level is increased and the mole ratio of labelled choline is
reduced, reflecting the effects of diazepam, I-hyoscyamine and Hi-6.
Consequently, the acetylcholine turnover is somewhat decreased. The aim
of these experiments has been to collect backyround data on the protec-
tive effect of this three-drug combination on soman poisoning and the

correlation of the effect with acetylcholine dynamics.

An important issue for the mechanism of protection with antidotes is the
duration of effect and how this correlates with the dynamics of acetyl-
choline, We have already found that I-hyoscyamine concentration persists
for a long time (up to at least 30 h). We know from our experiments that
the concentration in brain of diazepam is much more short-lived. When
high doses of diazepam (25-35 mg/kg) are given, the levels of diazepam
are down to a few ug/g after 30 min. Thus, the half-life is very short,

which is in accordance with previous findings (12).
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In the above experiments, diazepam was given 10 min before L2H6J-Ch
and its effect on acetylcholine turnover evaluated 20 and 50 sec later.
Experiments have also been performed to study the duration of this
effect (Table 2). After 20, 30 and 45 min, levels of acetylcholine are
significantly increased, while they are returning to normal after 4 h,
The tendency for an increase seen at 10 min is, thus, fully developed at
20 min and persists for at least 45 min., The levels of choline also stay
elevated for 45 min, but have become normalized after 4 h. The frac-
tional rate constant is maximally decreased after 10 min and seems to be
somewhat lowered, still, at 4 h, The data tend to indicate a duration of

effect on the acetylcholine dynamics (Ka) of at least 4 h.




—

CONCLUSIONS

Studies of specific binding of I-hyoscyamine to muscarinic receptors in
the mouse brain have been made in stocks of old healthy and new
healthy mice. Displacement of I-hyoscyamine with diazepam seen in old
"sick" stock was repeated in oald healthy stock. Optimal experimental

conditions for new stock have yet to be found.

The study of muscarinic subreceptor pools in mouse brain has started. It
has been shown possible to displace about 50% of I-hyoscyamine either by
pretreatmient with scopolamine or by displacement ("chase") of an estab-

lished conicentration by treatment with scopolamine for 1 h.

The effect of I~-hyoscyamine, diazepam and HI-6 on acetylcholine turnover
has been studied separately after each antidote and after combinations of
these blockers., The effect of I-hyoscyamine and diazepam diven sepa-
rately has been reported earlier. HI-6 increases endogenous choline
levels and slightly increases the turnover of acetylcholine. The combina-
tion of the three andidotes increases choline and slightly decrcases the

turnover of acetylcholine.

The etfect ot aiazepam on acetylcholine turnover tasts for about 4 h.

The effect on choline and acetylcholine levels lasts for about 1 h.
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FIGURE 1

Effect of diazepam on specific binding of I-hyoscyamine in brain of old
and new mouse stocks., The animals were pretreated with saline or
diazepam (1 mg/kg, i.v.) 2 min before the injection of I-hyoscyamine (2

nGrky, t.v.). Diazepam is given as Diazemuls

sall -
£z 5 %////
£ 5 /////
=]
L

1) Old mouse stock saline (healthy progerny)

2) Old miouse stock Diazemuls (healthy progeny)
3) New mouse stock saline

4) New mouse stock Diazemuls

5} 1986 values saline (old stock of sick mice)

6) 1986 values Diazemuls (old stock of sick mice)

Two-tailed Student's t-test of saline treatment means in comparison to
diazepam treatment means.

**xx 2p<0.001, ** 2p<0.,01, n.s. = not significant.

Figures are mean values, with number of animals within parentheses.

The bars show the standard deviation,
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FIGURE 2

Influence of scopolamine on specific binding of I-hyoscyamine in mouse
brain. The animals were administered I-hyoscyamine (2 myg/kg, i.v.) and
injected scopelamine (50 mg/kg, i.v.} 1 h 50 min, 1 h 30 min or 1 I

later.

2 hrs after the administration

1-Hyoscyamine ng/g

1} Contraols
2} Scopolamine 1 h 50 min after I-hyoscyamine
3) Scopolamine 1 h 30 min after I-hyoscyamine

4) Scopulamine 1 h after I-hyoscyamine

Figures are mean values, with number of animals within parentheses.

The bars show the standard deviation,
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ABBREVIATIONS

Ch,

GC-ANIS,

DPA,

TR

ACh’

ACh”

Choline
Gas chromatography - mass spectrometry
2,4,6,2', 4", 6'-Hexanitrodiphenyiamine
Acetylcholine turnover
Specific activity of [‘)‘HGJACh

PP . . 2 ~
Specitic activity of Q‘HGJLh
N,O-Bistrimethylsilylacetamide

[l (#-omino-carbonyl)pyridinu imethoxy !methylj-2-

i
L
[ (hydroxyimino)methyl;-pyridinium dichloride
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